This report provides a summary of the effects of aging on and the expected forms of plutonium in Tank 18 waste residues. The findings are based on available information on the operational history of Tank 18, reported analytical results for samples taken from Tank 18, and the available scientific literature for plutonium under alkaline conditions. These findings should apply in general to residues in other waste tanks. However, the operational history of other waste tanks should be evaluated for specific conditions and unique operations (e.g., acid cleaning with oxalic acid) that could alter the form of plutonium in heel residues. Based on the operational history of other tanks, characterization of samples from the heel residues in those tanks would be appropriate to confirm the form of plutonium.
Most of the plutonium that enters Savannah River Site (SRS) high-level waste (HLW) tanks is freshly precipitated as amorphous plutonium hydroxide, Pu(OH) 4(am) or hydrous plutonium oxide, PuO 2(am,hyd) and coprecipitated within a mixture of hydrous metal oxide phases containing metals such as iron, aluminum, manganese and uranium. The coprecipitated plutonium would include Pu 4+ that has been substituted for other metal ions in crystal lattice sites, Pu 4+ occluded within hydrous metal oxide particles and Pu 4+ adsorbed onto the surface of hydrous metal oxide particles. The adsorbed plutonium could include both inner sphere coordination and outer sphere coordination of the plutonium. PuO 2(am,hyd) is also likely to be present in deposits and scales that have formed on the steel surfaces of the tank. Over the operational period and after closure of Tank 18, Ostwald ripening has and will continue to transform PuO 2(am,hyd) to a more crystalline form of plutonium dioxide, PuO 2(c) .
After bulk waste removal and heel retrieval operations, the free hydroxide concentration decreased and the carbonate concentration in the free liquid and solids increased. Consequently, a portion of the PuO 2(am,hyd) has likely been converted to a hydroxy-carbonate complex such as Pu(OH) 2 (CO 3 ) (s) . or PuO(CO 3 ) . xH 2 O (am) . Like PuO 2(am,hyd) , Ostwald ripening of Pu(OH) 2 (CO 3 ) (s) or PuO(CO 3 ) . xH 2 O (am) would be expected to occur to produce a more crystalline form of the plutonium carbonate complex. Due to the high alkalinity and low carbonate concentration in the grout formulation, it is expected that upon interaction with the grout, the plutonium carbonate complexes will transform back into plutonium hydroxide.
Although crystalline plutonium dioxide is the more stable thermodynamic state of Pu(IV), the low temperature and high water content of the waste during the operating and heel removal periods in Tank 18 have limited the transformation of the plutonium into crystalline plutonium dioxide. During the tank closure period of thousands of years, transformation of the plutonium into a more crystalline plutonium dioxide form would be expected. However, the continuing presence of water, reaction with water radiolysis products, and low temperatures will limit the transformation, and will likely maintain an amorphous Pu(OH) 4 or PuO 2(am,hyd) form on the surface of any crystalline plutonium dioxide produced after tank closure. X-ray Absorption Spectroscopic (XAS) measurements of Tank 18 residues are recommended to confirm coordination environments of the plutonium. If the presence of PuO(CO 3 ) (am,hyd) is confirmed by XAS, it is recommended that experiments be conducted to determine if plutonium carbonates are transformed back into PuO 2(am,hyd) upon contact with grout. . At the conclusion of heel removal, the tank waste volume was estimated at 5,000 to 8400 gallons. Subsequently, additional heel removal was performed in 2009 using a robotic crawler-based ultra-high pressure (UHP) eductor retrieval system, referred to as the mantis that reduced the volume of residual solids with associated interstitial supernate to approximately 4,000 gallons.
The large majority of the plutonium that transferred into Tank 18 was from F-Area and, therefore, would principally be comprised of two radioisotopes, 239 Pu and 240 Pu. Since the initial waste introduced into Tank 18 contained only weapons grade plutonium, the sludge and residues at the bottom of the tank would likely reflect weapons grade plutonium isotopics. Tank 18 did receive significant quantities of waste from H-Area. Inventory estimates for Tank 18 indicate the tank received 56 kg of weapons grade plutonium and 1 kg of heat source plutonium, with most of the heat source plutonium received during the end of the operational period. 
Calculations
Calculation of mole ratios of iron to plutonium (see Table 1 
Discussion

Forms of Plutonium in Tank 18 Residues
Dissolution of spent fuel at SRS produces solutions of Pu(IV) in concentrated nitric acid. The oxidation state of the plutonium is typically controlled between Pu(IV) and Pu(III) to alter the extractability of the plutonium in the organic phase of the PUREX process. Residues from fuel reprocessing operations at SRS typically would be in the Pu(IV) oxidation state due to the high nitric acid concentration and lack of a reductant. Pu(IV) can be oxidized by nitric acid at high temperature such as would be present in the acid evaporators in the separations canyons. However, the presence of metal nitrate salts such as sodium nitrate, aluminum nitrate and uranyl nitrate inhibits Pu(IV) oxidation. Thus, Pu(IV) would be the expected predominant oxidation state of plutonium in residues from fuel reprocessing. 5 Prior to the transfer of residues to the tank farm facilities, the residues are made strongly alkaline by the rapid addition of concentrated sodium hydroxide (NaOH). The addition of the NaOH precipitates most of the metal ions in the waste solution as the respective metal hydroxide or hydrous metal oxide. For plutonium, the precipitated solid would be plutonium tetrahydroxide, Pu(OH) 4 2(c) , which is the most thermodynamically stable form of Pu(IV) oxide. 5 Due to the high concentration of other metal ions such as iron, aluminum, manganese, and uranium compared to plutonium, the opportunity exists for the plutonium to be "coprecipitated" or "carried down" by the precipitated metal hydroxide or hydrous metal oxide during the addition of the sodium hydroxide. 6 Coprecipitation of the plutonium can lead to one of three forms for the plutonium. Firstly, the plutonium can substitute for another metal ion in the lattice site of a crystal forming a mixed crystal phase. xH 2 O. Secondly, the precipitated plutonium could be physically isolated or occluded within the metal hydroxide or hydrous metal oxide phase. In this case the plutonium adsorbs to the surface of the metal hydroxide as it forms, but does not become incorporated into the crystal lattice. The metal hydroxide or hydroxide metal oxide particle continues to grow in size isolating the impurity metal (i.e., plutonium). Thirdly, the plutonium can adsorb to the surface of the metal hydroxide or hydrous metal oxide precipitate after it has formed. These additional forms of plutonium effectively reduce the soluble fraction of plutonium in the system that would be in equilibrium with a pure Pu(OH) 4 solid phase.
Coprecipitation of plutonium is well known and was the basis for the separation and purification of plutonium by a number of precipitating agents, 7 including iron 8 . Hobbs investigated the coprecipitation of uranium and plutonium from solutions featuring iron, aluminum, manganese, and nickel ion concentrations expected for residues from SRS fuel reprocessing operations. 9 Testing results indicated that plutonium was effectively coprecipitated with iron or uranium when there was a large excess of the iron or uranium (e.g., Fe:Pu exceeds1500). Note that the form of plutonium in the coprecipitated solids was not determined in the study by Hobbs Elemental analysis of solid samples taken from Tank 18 showed the presence of significant concentrations of iron. 10, 11, 12 From the elemental and radiochemical analyses, Table 1 provides the calculated Fe:Pu mole ratios for both the bottom samples and the scale sample taken from the wall. The Fe:Pu ratios for the samples from the bottom of the tank range from 1510 to 2890 suggesting that there is sufficient iron in these solids for the Pu to be effectively in a coprecipitated form. The very high ratios of Fe:Pu in the scale sample from the wall are likely skewed high due the presence of the iron oxide scale. If the plutonium is present as a coprecipitated solid, the plutonium would be expected to be dispersed uniformly throughout the solids with little or no individual particles of plutonium.
Recent scanning electron microscopy analysis of Tank 18 floor samples revealed the presence of discrete plutonium particles associated with an iron oxide matrix. 22 The plutonium particles were spread unevenly within the iron oxide matrix. Furthermore the quantity of discrete plutonium particles did not appear to be sufficient in number to account for all of the plutonium in the sample based on concentrations determined from the chemical analysis of the Tank 18 samples. These findings suggest that plutonium is present as both discrete particles associated with an iron oxide matrix and as a coprecipitated form.
The coordination environment of the plutonium in a coprecipitated mixed metal oxide form would have iron or another metal in the second coordination shell if plutonium and iron or other metal share an oxygen atom (Pu in crystal lattice or coordinated to the oxygen of the metal oxide phase) or in the outer coordination shell if the plutonium is sorbed (e.g., hydrogen bonding as shown below). Confirmation of coordination environments of the plutonium may be possible by XAS spectroscopic techniques. The majority of plutonium that was received into Tank 18 during the operational period was in the form of freshly precipitated solids containing largely iron, aluminum and uranium. This would also include colloidal plutonium oxides. A much smaller fraction of plutonium entered the tank in a dissolved form. Since the tank received a variety of waste including evaporator concentrates, precipitation of plutonium may also have occurred due to changes in the bulk solution composition upon the introduction and mixing of waste solutions having different chemical compositions. Plutonium is known to readily adsorb onto the surface of solids such as iron oxide and, thus, some of the dissolved plutonium may have adsorbed on the surface of particles. 13 This could include the surfaces of the steel tank which have a film of iron oxide on the surface from exposure to water and other deposits that have formed on the steel surface. Furthermore, during the operation history, the tank received concentrated evaporator supernate, which upon cooling produced saltcake. Dissolved plutonium may have sorbed to or become occluded in salts that deposited.
Readily dissolvable salts and the plutonium associated with these salts were likely removed from Tank 18 during waste removal and subsequent heel removal operations, which contacted the salts with large quantity of water. Any remaining salts and the plutonium associated with these salts are very sparingly soluble in inhibited water. During residual heel removal in 2003 and 2009, the remaining solids were contacted with large quantities of inhibited water. This operation would serve to shift the equilibrium and dissolve Pu(IV) from the various solid phases containing plutonium. It would be expected that pure PuO 2(am,hyd) and Pu(IV) sorbed on particle surfaces would dissolve before plutonium that is substituted in crystal lattice sites or occluded within mixed metal oxide phases. However, no experimental data exists to confirm or quantify if such a selective dissolution mechanism occurred during bulk waste and heel removal campaigns in Tank 18.
The total plutonium concentrations in the liquid samples isolated from the Tank 18 samples taken in 2009 measured 1.3 x 10 -8 and 2.6 x 10 -8 M for the North and South Hemisphere samples, respectively. 10 The reported solubility of PuO 2(am,hyd) in alkaline solutions ranges from about 1 x 10 -11 to 2 x 10 -9 M. 14, 15, 16 Coprecipitation of plutonium during the initial pH adjustment of the residues from fuel reprocessing would be expected to produce a solution phase with a lower concentration of plutonium than that for a solution in equilibrium with that of the plutonium solid phase (e.g., PuO 2(am,hyd) ). Thus, the measured plutonium liquid phase concentrations are well above the predicted solubilities for PuO 2(am,hyd) and coprecipitated Pu(IV). Some fraction of measured plutonium in the liquid phases may be due to the presence of colloidal PuO 2 that is small enough to pass through the 0.45-micron filter used to separate the solid and liquid phases. An indication of the presence of colloidal PuO 2 could be assessed by filtering the liquids through a series of filter media with finer pore diameters.
Most of the waste that transferred into Tank 18 was from F-Canyon fuel reprocessing operations and, therefore, should have a plutonium isotopic signature typical of weapons grade plutonium (i.e., high in 239,240 Pu). Analyses of samples taken from the floor of Tank 18 after bulk waste and heel removal indicate that 239 Pu and 240 Pu are the principal plutonium isotopes on a mass basis. 10, 11 Furthermore, the weight ratio of 239 Pu to 240 Pu in the solid samples is similar to that expected for weapons grade plutonium. However, the 238 Pu concentration is higher than that expected for purely weapons grade plutonium. This is not unexpected since Tank 18 did receive wastes containing heat source plutonium beginning in 1973.
Analysis of samples taken from the wall in Tank 18 revealed a higher abundance of 238 Pu compared to that measured in the floor samples. This is not unexpected since most of the 238 Pu transferred into Tank 18 occurred during the later operational stage. Interestingly, thecontent in the three wall samples correlated with elevation of sample. 12 The weight ratio of 239 Pu to 238 Pu measured between 561 and 777 for the solids obtained from the bottom of the tank with the exception of a scrape sample taken from the NE riser in 2009, which measured a weight ratio of 269. Scale samples (Sample 18-2) taken from the wall at approximately 6-7 feet, a wall sample taken at about 10 -12 feet (Sample ID SP4), and wall sample taken at about 17 feet (Sample 18-1 238 Pu content with elevation may reflect the levels of liquid that contacted the wall during bulk removal and heel retrieval events.
Hydrogen is continually produced during the storage of high level nuclear wastes (HLW) due the radiolysis of water. Consequently, the HLW tanks at SRS are equipped with active ventilation systems to prevent the hydrogen concentrations from reaching the lower flammable limit. Air containing carbon dioxide is continuously pumped into the HLW tanks. At the vapor-liquid interface, atmospheric carbon dioxide is absorbed and reacts with hydroxide to form carbonate and bicarbonate. At steady-state conditions, CO 2 absorption can reduce the pH to around 9 -10 in dilute solutions. 17, 18 During long periods of storage at relatively low waste volume and no transfers of wastes into the tank, the free hydroxide in the liquid phase of the waste would be expected to have been converted to carbonate and bicarbonate. Such a period occurred between 2003 and 2009. This could also include other metal hydroxides that are present in the solution (e.g., aluminum hydroxide).
Carbonate is an effective complexing agent for Pu(IV). Thus, some fraction of the Pu(OH) 4(a) or PuO 2(am,hyd) , or the dissolved Pu(IV) could react with the carbonate to produce dissolved and solid phases containing carbonates.
As long as the hydroxide concentration is very high (pH >13), hydroxide complexes will dominant. However, at low hydroxide (pH <13) and high carbonate concentrations, formation of a mixed carbonate complex such as PuO(CO 3 ) (am,hyd) could occur.
Several studies have shown evidence for the formation of carbonate complexes of Pu(IV). For example, Kim, et. al investigated the solubility of crystalline PuO 2 in alkaline carbonate solutions. 14 They reported that the plutonium solubility decreased with increasing pH and reached a minimum of 2 x 10 -9 M at pH 10 and carbonate concentration of 3 x 10 -3 M. They also reported that the plutonium solubility increased sharply with increasing carbonate concentration. For example, at a carbonate concentration of about 0.032 M and pH of about 11.0, the plutonium solubility was reported to be 1 x 10 -6 M. They attributed the sharp change in solubility due to the transformation of the solid PuO 2 to a plutonium hydroxy-carbonate phase, Pu(OH) 2 (CO 3 ) (s) .
Yamaguchi, et. al also investigated the solubility of Pu(IV) in aqueous carbonate solutions. 19 They reported that PuO(CO 3 )
. xH 2 O (s) is the solid phase in equilibrium with Pu(OH) 2 (CO 3 ) 2 2-over the pH range of 9.4 to 10.1 and Pu(OH) 4 (CO 3 ) 2 4-in pH 12 and 13 solutions. These studies were in low ionic strength solutions and with a total carbonate concentration of <0.1 M. Rai, et. al also investigated the solubility of PuO 2(am,hyd) over the concentration range of 0.1 to 6.2 molal potassium carbonate. 20 These authors reported that Pu(CO 3 ) 5 6-is the dominant solution species in high carbonate and bicarbonate concentrations and Pu(OH) 2 (CO 3 ) 2 2-is the dominant solution species at low bicarbonate concentration.
Oji, et. al reported carbonate concentrations of 0.040 and 0.044 M in liquids isolated from Tank 18 samples taken in 2009 during heel removal with the mantis. 10 They also reported that the wet solids from these samples contained leachable carbonate. The high carbonate concentrations in both the liquid fraction samples and in the wet solids leachates are consistent with reduced free hydroxide concentrations and increased carbonate/bicarbonate concentrations in the Tank 18 heel residues at the time these samples were taken. Measurement of the free hydroxide or pH in the Tank 18 liquid samples was not performed. However, thermodynamic calculations using Geochemistry Workbench and the measured concentrations of anions and cations indicate pH values of 10.19 and 10.24 for the North and South Hemisphere liquid fraction samples. Furthermore, the concentrations of uranium in the liquid fraction samples measured 752 (North Hemisphere) and 657 mg/L (South Hemisphere). These very high concentrations of uranium are consistent with solutions that are high in carbonate and low in hydroxide. 21 X-ray diffraction analysis identified a uranyl carbonate phase, Na 4 UO 2 (CO 3 ) 3 , as a major crystalline component of the Tank 18 solids. 22 Given these findings, some fraction of the dissolved plutonium and solid phase plutonium in Tank At neutral and alkaline conditions, there are reports that Pu(IV), Pu(V) and Pu(VI) species can be present in solution. Oxidation of Pu(IV) to the higher oxidation state likely results from reaction with products from the radiolysis of water and, if present, with oxygen from the air. Pu(V) is not stable at neutral and weakly alkaline conditions (< 6 M hydroxide) and, therefore, will disproportionate into Pu(IV) and Pu(VI). Since the free hydroxide concentration in the Tank 18 residues is suspected to be well below 5 M, Pu(V) would not be expected to be present in significant quantities in Tank 18. Pu(VI) is relatively stable under neutral and weakly alkaline conditions in the absence of reducing agents. The overall fraction of Pu(IV) and Pu(VI) that would be present would be controlled by the overall redox properties of the residues.
Aging of Plutonium in Tank 18
Precipitated or microcrystalline solids are well known to transform into more crystalline and lower surface area solids by a spontaneous process known as Ostwald ripening. 23, 24 For metal hydroxides or hydrous metal oxides, the ripening process sheds water from the crystalline structure resulting in a less hydrated solid phase. Thus, in the case of Pu(OH) 4 , dehydration and crystallization would produce crystalline PuO 2 as shown in equation 1. The increased crystallinity results in a lower Gibbs energy for the system and lower solubility for the more crystalline solid phase.
This has shown to be the case for Pu(OH) 4(am) and PuO 2(c) . For example, Rai, et. al reported that the solubility of PuO 2(c) measured about two orders of magnitude lower than that of Pu(OH) 4(am) in tests with solutions ranging between pH 3 and 7.5.
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The rate of ripening depends strongly on environmental conditions such as temperature as well as the solubility of the metal ion. At low temperature and with substances that exhibit low solubility, the ripening process is very slow. The rate of ripening is significantly increased by increasing temperature. Heating at high temperature under pressure (i.e., hydrothermal treatment) is commonly used to produce crystalline metal oxides. 26 Typically, as long as the solids remain in contact with water, the solids will retain some amount of water in crystalline matrix. Formation of completely dehydrated crystalline solids typically requires heating in an open system at very high temperature. For example, the preparation of PuO 2 from plutonium hydroxide employs a calcination step in which dried solids are heated from 250 to 750 °C for 0.75 -2.0 hours. 27 The operational history of Tank 18 does not include temperatures close to the calcination temperatures used in the preparation of PuO 2 . Furthermore, there has always been a high water content in the tank during waste storage and bulk waste retrieval. After heel removal using the mantis, photographs of the tank interior revealed the appearance of "dry" solids while the forced air ventilation system operated. 28 More recent photographs, taken after the ventilation system was placed in a standby mode, have revealed the appearance of "wet" solids. 29 Thus, the heel residues in Tank 18 currently continue to contain water. Upon grouting of the tank for closure, there will continue to be water in contact with the waste, although the concentration of water will be reduced compared to that during the operational and waste removal periods.
Grouting the tank will increase the pressure and produce a transitory increase in temperature due the heat of hydration released during curing of the wet grout. The current requirements for the grout formulation include a requirement that the temperature of the grout not exceed 65 °C during curing. 30 Experiments at SRNL indicated that the recommended grout formulation measured a semi-adiabatic temperature rise of 23 °C, which occurred after 82 hours of curing. 31 Thus, the maximum expected temperature that the waste residues would experience during grouting of the tank would be 65 °C. The weight of the grout used to fill the tank will exert a pressure on the tank residues. The estimated maximum pressure on the residues after completely filling the tank with grout is 2.9 atm.
The combination of heat from grout curing and increased pressure from the weight of the grout will produce hydrothermal-like conditions for the residues, which would favor the formation of more crystalline metal oxide phases. However, the low temperature (65 °C) and pressure (2.9 atm) are well below conditions typically used to prepare crystalline metal oxides. 26 Furthermore, the temperature rise is transitory to the curing phase and will decrease quickly after curing and reach a much lower value close to the surrounding ground temperature. Thus, the environmental conditions produced during the filling of the tank with grout and continuing during the closure phase are not expected to produce a significant impact on converting the plutonium to a more crystalline form. After closure, the residual waste solids will continue to be in contact with water from the pore water in the grout. Thus, there is no identifiable mechanism during the closure period that would completely remove water from the system and heat the waste to sufficient high temperature to convert the plutonium to completely crystalline PuO 2 .
A review of the literature revealed a few studies on the aging of plutonium-containing solids. Rai 2(c) are consistent with the solids undergoing hydration on the surface to produce a Pu(OH) 4(am) or PuO 2(am,hyd) layer.
During the closure period, Ostwald ripening remains a viable mechanism to form more crystalline plutonium solids due to the presence of pore water contacting the PuO 2(am,hyd) and coprecipitated forms of plutonium. However, the available water after tank closure is significantly reduced compared to that during the operational and cleaning periods. Since Ostwald ripening depends on dissolution of the amorphous solids into and deposition from the liquid phase, the reduced quantity of water will effectively decrease the rate of forming crystalline PuO 2 . Other amorphous metal oxide phases will also compete with plutonium for available water in the ripening process. Thus, formation of crystalline PuO 2 by Ostwald ripening after tank closure would be expected to be an extremely slow process.
Given these studies, the PuO 2(am,hyd) in Tank 18, whether as separate solid phases, adsorbed on the surface of other solids, or incorporated in coprecipitated solid phases, would be expected to undergo Ostwald ripening, albeit at a very slow rate, to produce a more crystalline solid phase. This is also true for the other amorphous metal hydroxides and hydrous metal oxides in the residues such as iron and aluminum. However, it would not be expected that the ripening process would continue to the completely dehydrated and crystalline PuO 2(c) form. It is very likely, that the plutonium-containing solids would retain a surface layer of PuO 2(am,hyd) due to the continual presence of water and reactions with products from the radiolysis of water.
The grout formulation planned for Tank 18 features a material with high alkalinity and low carbonate concentration. 30 Consequently, interaction of the grout with the plutonium in the tank residues would be expected to increase the pH. Given the low carbonate concentration in the grout initially, it would be expected that carbonate will diffuse away from the waste solids into the grout. The increase in pH and decrease in the carbonate concentration will serve to convert plutonium carbonate phases, Pu(OH) 2 . xH 2 O (s) with the grout and monitoring the pH and the presence of the plutonium carbonate phase with time. Furthermore, reductants present in the grout will initially maintain a reducing environment that would eliminate the oxidation of plutonium to more soluble Pu(V) and Pu(VI) forms.
Conclusions and Recommendations
Based on a review of the operational history of Tank 18 and a literature review on alkaline plutonium chemistry, it is concluded that PuO 2(am,hyd) , coprecipitated plutonium and PuO(CO 3 ) (am,hyd) are the dominant forms of plutonium in the residual waste in Tank 18 after heel removal activities completed in 2009. The coprecipitated plutonium would include Pu 4+ that has been substituted for other metal ions in crystal lattice sites, Pu 4+ occluded within hydrous metal oxide particles and Pu 4+ adsorbed onto the surface of hydrous metal oxide particles. The adsorbed plutonium could include both inner sphere coordination and outer sphere coordination of the plutonium. Upon interaction of the grout with the waste residues it is expected that the PuO(CO 3 ) (am,hyd) would transform back into PuO 2(am,hyd) . It is recommended that samples of Tank 18 solids be analyzed by XAS techniques to confirm the coordination environment of the plutonium. If the presence of PuO(CO 3 ) (am,hyd) is confirmed by XAS, it is recommended that experiments be conducted to determine if plutonium carbonates are transformed back into PuO 2(am,hyd) upon contact with grout.
Although crystalline plutonium dioxide is the more stable thermodynamic state, the low temperature and high water content of the waste during the operating and heel removal periods in Tank 18 have limited the transformation of the plutonium hydroxide into crystalline plutonium dioxide. During the tank closure period of thousands of years, transformation into a more crystalline plutonium dioxide form would be expected. However, the continuing presence of water, reaction with water radiolysis products, and low temperatures will limit the transformation, and will likely maintain an amorphous Pu(OH) 4 or PuO 2(am,hyd) form on the surface of any crystalline plutonium dioxide produced after tank closure.
These findings should apply in general to residues in other waste tanks. However, the operational history of other waste tanks should be evaluated for specific conditions and unique operations (e.g., acid cleaning with oxalic acid) that could alter the form of plutonium in heel residues. Based on the operational history of other tanks, characterization of samples from the heel residues in those tanks would be appropriate to confirm the form of plutonium.
